MATERIALS AND METHODS
electrophoresis DNA sequencer (Applied Biosystems 3730, CA) and the resulting 156 electropherograms aligned using Peak Scanner software version 1.0 (Applied Biosystem, CA) to 157 determine the size of the primer extension products.
158

RESULTS
159
The major role of Dps2 is not that of iron storage. We recently identified Dps2 as one 160 of four major iron-binding proteins present in the cytoplasm of B. anthracis (Tu et al. submitted) .
161
In order to investigate the role of this protein we determined the growth characteristics of a 162 ∆dps2 mutant in LB broth in the presence of the ferrous iron chelator deferoxamine mesylate 163 (DFM), which reduces the availability of iron, and excess iron (Fig. 1) . The concentrations of 164 DFM (15 mM) and iron (1 and 2 mM) used visibly limit the growth of wild type B. anthracis, 165 mildly in the case of DFM, transiently in the case of 1 mM iron and severely in the case of 2 mM 166 iron ( Fig. 1) . Irrespective of the conditions tested, the growth of the ∆dps2 mutant was similar to 167 that of the wild type strain (Fig. 1A,B) . In addition, a plate diffusion assays was performed to test 168 the sensitivity of the ∆dps2 mutant to Fe(II)SO 4 , but again no significant changes in iron 169 sensitivity, as determined by the size of the zone of inhibition, were observed in comparison to 170 the wild type (data not shown). If Dps2 was important for iron storage, the growth of the ∆dps2 171 mutant would be expected to be differentially affected by iron excess or limitation in comparison 172 to the wild type.
173
Dps2 promotes tolerance to peroxide but not superoxide stress. To establish whether
174
Dps2 has a role in protecting B. anthracis against oxidative stress, we determined the sensitivity 175 of the ∆dps2 mutant to exogenous H 2 O 2 and endogenous superoxide stress, the latter generated 176 by treatment with paraquat. Cells were grown to exponential phase (OD 540 0.3) in LB medium 177 and either H 2 O 2 (1 mM) or paraquat (0.8 mM) added. The ∆dps2 mutant was significantly more sensitive to peroxide stress than the wild type ( Fig. 2 ), while superoxide stress had no observable 179 influence on its growth (Fig. 3) . These data indicate that Dps2 is a component of the oxidative 180 stress defense system of B. anthracis that is specific to H 2 O 2 .
181
To confirm the role of Dps2 in peroxide stress resistance, we constructed a strain in 182 which the dps2 mutation was complemented with an IPTG-inducible copy of dps2 on plasmid 183 pKG400-dps2 (Fig. 4) . Cells grown to exponential phase (OD 540 0.3) in the presence or absence 184 of IPTG (10 mM) were treated with H 2 O 2 (1 mM). Neither the presence of the pKG400-dps2 nor 185 the addition of IPTG alone affected growth. However, when the complementation strain grown 186 in the absence of IPTG was challenged with H 2 O 2 growth was severely inhibited. The presence 187 of IPTG in the medium to induce the expression of dps2 from the pKG400-dps2 significantly 188 limited the inhibitory affect of H 2 O 2 on the growth, confirming that the inhibition of the ∆dps2 189 mutant by peroxide was due to the absence of Dps2.
190
To some extent our in vivo data is in apparent conflict with the in vitro data of Liu et al. 191 [26] Fig. 2A) . In contrast to the dramatic effects of H 2 O 2 , iron excess had little or no effect 202 on the in growth of the wild type or ∆dps2 mutant under paraquat stress (Fig. 3) (Fig. 5) . The 222 second, very low abundance transcript of approximately 1.1 kb is likely to be the result of read-protein that regulates the peroxide stress response in Gram-positive bacteria. As dps2 is induced 225 in response to H 2 O 2 , we investigated whether its expression was affected in a ∆perR mutant.
226
Northern analysis on the total RNA from the ∆perR mutant showed a high level of dps2 227 transcription in both the presence and absence of oxidative stress (Fig. 5) , which suggests that 228 dps2 expression is negatively regulated by PerR.
229
Primer extension analysis was carried out to map the transcriptional start site of the dps2.
230
The analysis showed that dps2 was expressed primarily from transcripts initiated 49 and 50 231 nucleotides (AT) upstream of the ATG translation initiation codon (Fig. 6) . Analysis of the 
236
[12]), with a nucleotide identity of 15/15, was found overlapping the mapped transcriptional start 237 sites and the -10 promoter element (Fig. 6 ). Taken together, these data indicate that dps2 mRNA 238 is initiated from a single promoter and is a member of the B. anthracis PerR regulon.
239
DISCUSSION
240
Iron acquisition is essential for bacterial pathogenesis [4] . However, due to its propensity to 241 participate in redox chemistry, iron is also potentially toxic to living cells [23, 24] . Therefore, resistance to the presence of excess iron in the growth medium [29] . To determine the role of deficiency. Growth of the ∆dps2 mutant was unaffected by either relative to the wild type,
248
suggesting that the primary role of Dps-2 is not that of iron storage.
249
In addition to the Dps-like mini-ferritins, B. anthracis also encodes the maxi-ferritin 250 BA5296, and this might explain why Dps2 does not appear to be required for growth under iron 251 depleted conditions. In Listeria monocytogenes, which do not encode a maxi-ferritin homologue, iron may be need to be neutralized to avoid iron-mediated oxidative stress. However, the 302 abundance of dps2 mRNA did not change in response to superoxide stress (Fig. 5) , while the 303 growth of the ∆dps2 mutant was only marginally reduced compared with that of the wild type 304 (Fig. 4) . This suggests that either the cytoplasmic free iron levels are not a major factor in the 305 toxicity of endogenous superoxide stress in this organism, or that free iron is rapidly sequestrated.
306
Taken together, our results show that Dps2 does not play a significant role in superoxide stress 
